This chapter and the next address one of the most interesting aspects of Islamic civilization: the rise of a scientific tradition that was crucial to the development of universal science in pre-modern times. These chapters are connected by a common title, to indicate their interdependence. This first chapter surveys the various theories that have confronted the question of why and when this scientific tradition came into existence. It begins with a detailed account of the theories. The critique that follows addresses their failure to account for the facts as we know them from the primary scientific and historical sources of early Islamic times; it also lays the foundation for an alternative explanation of those facts in the next chapter. Because of this structure, the reader may encounter many unanswered questions in the first chapter, and will be repeatedly asked to await the answers that will come in the second.
detailed account of the theories. The critique that follows addresses their failure to account for the facts as we know them from the primary scientific and historical sources of early Islamic times; it also lays the foundation for an alternative explanation of those facts in the next chapter. Because of this structure, the reader may encounter many unanswered questions in the first chapter, and will be repeatedly asked to await the answers that will come in the second.
There is hardly a book on Islamic civilization, or on the general history of science, that does not at least pretend to recognize the importance of the Islamic scientific tradition and the role this tradition played in the development of human civilization in general. Authors differ in how much space they allocate to this role, but they all seem to agree on a basic narrative, to which I will refer as the classical narrative. The main outline of this narrative goes back to medieval and Renaissance times and has been repeated over and over again.
The narrative seems to start with the assumption that Islamic civilization was a desert civilization, far removed from urban life, that had little chance to develop on its own any science that could be of interest to other cultures.
This civilization began to develop scientific thought only when it came into contact with other more ancient civilizations, which are assumed to have been more advanced, but with a particular nuance to "advanced." The ancient civilizations in question are the Greco-Hellenistic civilization on the western edge of, and overlapping with, the geographical domain of the Islamic civilization, and the Sasanian (and by extension the Indian) civilization to the east and the southeast. These surrounding civilizations are usually endowed with considerable antiquity, with high degrees of scientific production (at least at some time in their history), and with a degree of intellectual vitality that could not have existed in the Islamic desert civilization.
This same narrative never fails to recount an enterprise that was indeed carried out during Islamic times: the active appropriation of the sciences of those ancient civilizations through the willful process of translation.
And this translation movement is said to have encompassed nearly all the scientific and philosophical texts that those ancient civilizations had ever produced.
The classical narrative then goes on to recount how those translations took place during the early period of the Abbasid times (circa 750-900 A.D.) and how they quickly generated a veritable golden age of Islamic science and philosophy.
In this context, very few authors would go beyond the characterization of this Islamic golden age as anything more than a re-enactment of the glories of ancient Greece, and less so the glories of ancient India or Sasanian Iran. Some would at times venture to say that Islamic scientific production did indeed add to the accumulated body of Greek science a few features, but this addition is usually not depicted as anything the Greeks could not have done on their own had they been given enough time. Nobody would, for example, dare to suggest that the scientists who worked in Islamic times could have produced a new kind of science (in contrast with the science that was practiced in classical Greek times), or to imply that those scientists may have come to realize, from their later Islamic vantage point, that the very same Greek science, which became available to them through the long process of translation, was in itself deficient and fraught with contradictions.
The classical narrative, however, persists in imagining that the Islamic science that was spurred by these extensive translations was short-lived as an enterprise because it soon came into conflict with the more traditional forces within Islamic society, usually designated as religious orthodoxies of one type or another. The anti-scientific attacks that those very ortho-doxies generated are supposed to have culminated in the famous work of the eleventh-twelfth-century theologian Abū H āmid al-Ghazālī (d. 1111).
The major work of Ghazālī that is widely cited in this regard is his Tahāfut al-Falāsifa (Incoherence of the Philosophers), which is sometimes also mistakenly referred to as tahāfut al-falsafa (incoherence of philosophy).
By sheer luck and proverbial serendipity, the Latin West was beginning to awaken around the same time. And this awakening set in motion a translation movement that identified and translated major Arabic philosophical and scientific texts into Latin during a period that has come to be known at times as the Renaissance of the twelfth century. Some of the texts that were translated into Latin during this period had already been translated from much earlier Greek and Sanskrit texts into Arabic. I am thinking in particular of such major Greek works as the Almagest of Ptolemy (d. ca. 150 A.D.) and the Elements of Euclid (d. ca. 265 B.C.), which had been translated into Arabic more than once during the ninth century, and of the passage of the Indian numerals via Arabic to Europe, where they came to be known as "Arabic" numerals.
The classical narrative goes on to postulate that from then on Europe had no need for Arabic scientific material, and that the Islamic scientific tradition was beginning to decline under the onslaught of the works of Ghazālī and thus was no longer deemed important by other cultures. In the grand scheme of things, the European Renaissance was then characterized as a deliberate attempt to bypass the Islamic scientific material, in another act of "appropriation" so to speak, and to reconnect directly with the GrecoRoman legacy, where almost all science and philosophy began, and where the European Renaissance could find its wellsprings.
Critique of the Classical Narrative
In what follows, I would like to subject this classical narrative to some criticism and to point to some of the problems that it fails to solve, before I propose, in the next chapter, an alternative narrative that, I believe, accounts for the historical facts in a much more comprehensive fashion. I do so because the classical narrative leaves us with some unresolved problems that we cannot afford to leave unsettled if we ever wish to understand the actual process by which Islamic science came into being when it did, and in a more general fashion the process by which science, in general, is born tried to summarize the scientific knowledge of pre-Islamic Arabia, and came to the conclusion that the sciences that could be documented there were not much different in quality from the sciences of the surrounding regions of Byzantium, Sasanian Iran, or even India. 1
But most importantly, the classical narrative leaves us with yet more serious and inexplicable problems, both with regard to the beginnings of Islamic science and with regard to its decline and eventual demise. In the case of beginnings, the classical narrative creates the impression that the birth of Islamic science took place during the early period of the Abbasid times, mainly during the latter part of the eighth century and the early part of the ninth, as a result of one or more of the following processes of transformation:
(1) Contact between the nascent Islamic civilization and the more ancient civilizations of Byzantium and Sasanian Iran is supposed to have taken place when the domain of Islamic civilization expanded outside the Arabian Peninsula and came to inherit the domains of those earlier civilizations or to share great geographic spans with them. 2 This "contact theory" had the distinct advantage of explaining the birth of Islamic science as a result of outside forces, a disposition already signaled by a particular reading of the classical Arabic sources. Those sources speak, for example, of the "ancient sciences" when they wished to describe the sciences that were brought into Islamic civilization from outside, or when they wished to contrast those sciences with the "Islamic sciences" (usually understood as the religious sciences that grew within the civilization). At times the two sciences are posited as being in direct opposition.
The downside of this theory is that it cannot furnish an explanation for the high quality of Greek scientific and philosophical texts that were trans- convincing answer to such a straightforward question.
Besides, for scientific contacts to be successful it is only natural to assume that both cultures had to have been at similar levels of development so that ideas from one culture could easily find a home in the other.
(2) Those who were conscious of the downside of the contact theory, and of its failing to document contemporary scientists of Byzantium or Sasanian Iran who could have produced texts similar to the ones that were being sought by the translators of Abbasid times (that is, texts of the quality of ancient more classical Greek scientific and philosophical texts), thought they could avoid that pitfall by proposing another form of transfer that I shall call the pocket transmission theory. 6 In this new theory, assumptions were made about the survival of ancient scientific and philosophical texts in a few cities in Byzantium or in the then- If this were the case, and there is much evidence to corroborate the account of persecution as we have already seen, then how could classical
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Greek philosophy maintain a rigorous tradition, in cities far apart, and at such times when the official policy of the state was to suppress that very same tradition, and when the only support that was ever given to philosophy was during a three-year reign of an emperor who was fought on every ground and was indeed called "the apostate"? With all those questions, and with this kind of evidence that is used for its support, one need not say anything more about the inability of this theory to explain the transmission of Greek science into Arabic. And all those Syriac authors produced works that could be described as scientific, with some degree of seriousness. But when those works are examined carefully, they turn out to be of the same quality as the ones that were produced in the larger Byzantine Empire; that is, they were elementary relative to the classical Greek texts. Paul's work did not seem to extend beyond the elementary treatises on logic, 14 and Sergius did not apparently venture with his astronomical explorations much beyond the Apotelesmatica of Paulus Alexandrinus (c. 378), from which he adopted a very elementary approximative method for calculating the positions of the sun and the planets. 15 The method was so crude that it could nowhere be compared with the more exacting methods of Ptolemy's Almagest and Handy Tables. The fact that Sergius knew of such august works of the classical Greek tradition is duly attested by his references to them, but only to say that they were to be sought only by those who needed higher precision. He seemed to have satisfied himself with the work of Paulus Alexandrinus.
The slightly more sophisticated works of Severus Sebokht (for example, his treatise on the use of the astrolabe 16 ), and those of George, Bishop of the Arabs, 17 are not much closer to the classical Greek scientific texts, and in general they exhibit the more historically understandable standard of
being of about the same quality as the contemporary Byzantine sources from which they seem to have derived their inspiration. And why should it be otherwise? Why should the poorer Byzantine subjects, as the Syriacspeaking subjects were, know more than the more sophisticated and much richer Byzantine overlords?
In fact we get echoes of this social class distinction, and the enmities that went with it, from the works of Severus Sebokht himself, who does not shy away from bragging against the Byzantine Greeks by asserting that his own ancestry extended all the way back to Babylonia, and that there were other nations, like the Indians, who could outsmart the Greeks in science. 18 He cites as evidence of the Indians' superiority their knowledge of the decimal system, with which, he says, "they calculate with nine figures only. Having resorted to the three methods of transmission that are often mentioned by the proponents of the classical narrative, we find ourselves at a loss to explain how this transmission took place. This, to say nothing of the motivation of the early Abbasid caliphs for the acquisition of these ancient sciences, which had been already abandoned for about 700 years before those early Abbasids began to translate them. Why the sudden awakening?
And why were the Abbasids so motivated toward the beginning of the ninth century to finance, patronize, and undertake such a major operation, or even make it "a regular state activity," 20 as is often stressed by the classical narrative but rarely explained? It is hoped that the following chapter will shed some light on this subject too.
The early Abbasids' involvement in the activity of transmission remains to be explained, even if all those problems regarding the manner in which the "ancient sciences" were transmitted to the Islamic civilization were all resolved once and for all, and even if the classical narrative that generated them was abandoned. For there would still remain a second and more That the sources speak of Persians, Turks, and Arabs (among others) during the early Abbasid period indicates that these sources, from which the classical narrative derived its inspiration, began to reflect, at that particular time, the racial makeup of the people in power. That phenomenon itself must be explained rather than be stipulated in such essentialist terms, as the classical narrative seems to do with that particular historical setting.
In other words, and even if we privilege the classical narrative with some analytical power, then we still have to explain why the "Persian elements"
of the Islamic empire would resort to translating Greek scientific and philosophical sources and not restrict themselves to translating Persian sources, for example. Dimitri Gutas, in his recent book Greek Thought, Arabic Cul- This explanation fits well with the then-prevailing trend in the classical sources just mentioned, in which the "Persian elements" were made responsible for this large-scale Abbasid enterprise. It does not explain, however, the lack of real interest in such reclamation of original Persian sciences from the Greeks during the times of the Sasanians, when they were the masters of the domain, and in constant warfare with the Greeks. In fact, the same reports that speak of the reclamation of the Persian sciences from Greek during Abbasid times also speak of earlier Sasanian attempts to reclaim Persian sciences, but mainly from India and China, and from the Greeks only as an afterthought. These reclamation efforts remain unsubstantiated. 23 Searching for evidence of the actual scientific texts that were produced or translated during Sasanian times, one could certainly find at least one astro- The classical sources do in fact speak of all sorts of scientific activities that were patronized by al-Ma mūn, some apparently verifiably real such as the mission he sent to the desert of Sinjār to measure the length of one degree along the Earth's meridian, 31 and to conduct some astronomical observa- 
Other Problems with the Classical Narrative
When it comes to details, the classical narrative cannot account for the very scientific facts that have been preserved either in the classical historical sources of the period or in the scientific texts themselves. For example, more than one historian tells us 34 that when the caliph al-Mans ūr wished to build the city of Baghdad, in 762 A.D., he assembled three astrologers and charged them with casting the horoscope for the future city. They were supposed to choose the time for the foundation so that no potentate would be killed in the city. The horoscope itself is preserved in the Chronology of Bīrūnī, and in several other sources. Most sources agree that the astrologers who were assigned that task included Nawbakht (a Persian astrologer who became the progenitor of the Nawbakht family of astrologers, which served caliphs for a whole century), Ibrāhīm al-Fazārī, and Māshā allāh al-Fārisī. Bīrūnī states explicitly that it was Nawbakht who determined the day for the foundation of the city to coincide with the propitious 23rd of July of that year.
If the ancient Greek sciences were supposed to have been brought into Arabic by the Persian-leaning elements of the Abbasid dynasty, even if we grant that this interest started with al-Mans ūr himself, and if we grant that they could recruit for the purpose of the horoscope the Persian astronomers Nawbakht and Māshā allāh, then who was this Ibrāhīm al-Fazārī, obviously translation reveals a maturity that could not have come from one generation of translators. And thus we must allow for a longer period of translation so that more than one generation of translators would create enough output to produce technical terminology and teach the sophisticated mathematics and linguistic skills that were required to render the Almagest, the Elements, and similar books into the kind of coherent Arabic in which they are preserved.
During the same early period-that is, during the reign of al-Ma mūn-we also witness the creation of the new discipline of algebra by Muh ammad b. This generation of early mathematicians and astronomers must have also developed the Indian numeral system to such an extent that by the next century we note the first appearance of decimal fractions together with the decimal point in a manuscript completed in Damascus in 952 by Uqlīdisī. 45 In sum, such results as the new algebra and trigonometry, the new hay a as well as the new methods of projection and the introduction of the Indian numerals and the development of decimal fractions, could not have all been produced at the same time with no previous works in those domains or in domains directly related to them. As a result, if the classical narrative insists on the beginning of the translation movement with the coming of the Abbasid Empire, and for reasons that were only motivated by the desire of the Abbasid caliphs, these questions will have to be answered before such claims can be accepted. 46
Scientific Instruments and Observational Astronomy
In the field of scientific instrumentation, like the production of new types of mathematical projections that were created by H abash as was already stated, those instruments could not have been created ex nihilo, as the classical narrative would want us to accept. In the case of H abash's astrolabe, the new projections seemed to be related to the new Islamic requirements of facing Mecca while praying five times a day and performing a pilgrimage at least once in a lifetime. Yet such developments still required a remarkable sophistication in the application of geometric and trigonometric methods. Under normal circumstances, all these features would not usually come at once, but would rather progress slowly over time.
Similarly, the scientists of the same generation of H ajjāj, Khwārizmī, and H abash and their colleagues seem to have also taken it upon themselves to double-check the observational results that were reported in the Greek and Indian sources from which they were trying to get their own inspiration.
And there too, we find remarkable results already achieved in this very early period that indicate a much longer acquaintance with those fields. The observation that determined that the inclination of the ecliptic was not who were still struggling to translate texts for the first time could not normally achieve such maturity.
Problems with the End
Not only does the classical narrative fail to solve the problems I have been discussing so far, which are connected with the beginnings of scientific activ-20 Chapter 1 ities in Islamic civilization; it also fails to account for the questions raised during the later centuries. In particular, the decline of Islamic science, which was supposed to have been caused by the religious environment that was generated by Ghazālī's attack on the philosophers or by his introduction of the "instrumentalist" vision, does not seem to have taken place in reality.
On the contrary, if we only look at the surviving scientific documents, we can clearly delineate a very flourishing activity in almost every scientific discipline in the centuries following Ghazālī. Whether it was in mechanics,with the works of Jazarī (1205) himself used the results that were already established in it by T ūsī to construct a very essential component of his own astronomy of the De Revolutionibus. As a result of the frame of mind that was generated by the classical narrative, the real significance of this chapter to the revolution against Ptolemaic astronomy, and to the work of Copernicus that was yet to come, is completely lost to the historian who insisted that no new results could have been produced after Ghazālī's attack on the philosophers.
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Still in the field of astronomy, and to detail further the amount of damage done by the hegemony of the classical narrative in intellectual history, take the remarkable work of another orientalist, Francois Nau, who edited and Damascus and Cairo, who dared check the work of the great Greek physician Galen and dared say that there was a medical problem in that work.
Galen had stipulated that the blood was purified in the heart by being there was no such a passage between the two ventricles of the heart. He went on to say that the body of the heart at that point was solid and does not allow a visible passage as "most people had said," nor an invisible one, as was stated by Galen. After rejecting the authority of Galen, by only using the evidence that he must have seen with his own eyes, he went on to articulate the need for the blood to pass through the lungs before it could be cleaned and passed on to the left ventricle so that it could be pumped through the Arguments are still raging about the importance of Ibn al-Nafīs's findings and their relevance to the European scientists of the sixteenth and seventeenth centuries, all because the classical narrative had simply exercised such a hold on people's minds, and for so long, that it now seems to make it almost impossible to think outside its boundaries. This is the kind of damage that this classical narrative has already caused to our understanding of the post-Ghazālī texts, as well as the texts of the European Renaissance itself.
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